Introduction
Metamorphopsia is a symptom of visual function disturbance in different macular disorders. Some of the most common macular diseases characterized functionally by metamorphopsia include but are not limited to: age-related macular degeneration (AMD), diabetic and nondiabetic macular edema, vitreoretinal interface disorders, retinal detachment, central serous chorioretinopathy (CSC), and any macular serous elevation. Even though it was thought that metamorphopsia is a pure consequence of structural changes in the retina, resulting for the displacement of more external retinal layers with improper light signal transduction, some recent theories have emphasized the importance of the combination of more internal retinal and sometimes cortical processing [1] . The Amsler grid was the first functional test proposed to evaluate metamorphopsia [2] . The Amsler grid allows for simple and rapid qualitative evaluation of alterations of visual function in the central 10°, which may precede or accompany the beginning and evolution of some macular disorders. Because the standard Amsler grid is a supra-threshold test stimulus and is not sensitive enough in early detection of metamorphopsia, many more different sensitive tests have been proposed for early detection and quantification of metamorphopsia, but most of them not fully clinically validated. Differential perimetry, M-CHARTS, preferential hyperacuity, and shape discrimination hyperacuity tests have been used for the evaluation of metamorphopsia. Moreover, in order to facilitate home monitoring of the disease, and thus allow for earlier diagnosis and treatment, with possible better functional outcome, several home-monitoring devices based on preferential hyperacuity testing have been proposed. The aim of this review is to analyze the different tests used to detect and follow metamorphopsia, and evaluate the use of these tests in different macular disorders for quantification of metamorphopsia and follow-up after therapeutic intervention.
Definition and Classification of Metamorphopsia
Metamorphopsia was first described by Forster [3] , then by Knapp [4] and Wundt [5] , in the 19th century as one of the earliest and most characteristic signs of myopic and senile maculopathies. Subsequently, Amsler [6, 7] described and defined in detail (1949 and 1953) this visual symptom. Metamorphopsia was defined as the deviation of either vertical or horizontal lines, reported by the patient, and consisted of the first visual disturbance sometimes preceding clinical appearance of maculopathy [6, 7] . Sometimes, metamorphopsia is perceived by the patient as an 'instability' of vision, instead of precise deformation of objects, and is brought about by slight unconscious and involuntary movements of the eye in an effort to better focalize the object [7] . Special types of metamorphopsia include micropsia and macropsia. Micropsia, which is more common, is a perception of objects smaller than they actually are, whereas the rarer macropsia is the perception of objects larger than they actually are.
Amsler [7] emphasized the importance of early detection of the cause of disturbances of vision, which may not be visible on ophthalmoscopic examination of the fundus and cannot be detected by standard quantitative examination of visual function, such as a visual acuity test. Normal visual acuity and normal fundus appearance may be associated with functional disturbances, as reported by the patient, and a maculopathy may be present [7] . Thus, the importance of the patients' visual function symptoms, which are often underestimated in clinical practice, is relevant in the diagnosis of macular disorders. Metamorphopsia also dramatically deteriorates reading abilities and face perception, significantly contributing to the deterioration of the quality of life of affected patients. Moreover, metamorphopsia, which is extremely disabling to the patient, may represent the best way to monitor the functional results of any treatment of macular disorders, especially in the era of intravitreal therapies and macular microsurgery.
Pathophysiology of Metamorphopsia
Since the 19th century, the origin of metamorphopsia was considered to purely depend on displacement of the perceptual elements (cones) of the retina and a false localization of the image seen by these displaced elements [3, 8] . In fact, Forster [3] reported that macropsia is the outcome of retinal contraction, as parallel lines are separated from each other by an outward curve (meaning that retinal elements are approximated to each other). The opposite is found in micropsia [9] [10] [11] [12] . Fluid raises and distends the basal attachment of the cones and separates them so that fewer perceptive elements are stimulated, and therefore objects are seen smaller than they are [9] [10] [11] [12] . Amsler [7] suggested that changes in the outer retina and the choroid are the pathophysiologic drivers of both metamorphopsia and scotoma. Moreover, the same author pointed out that the morphologic basis of metamorphopsia cannot be adequately detected by histopathology, as death, chemical fixation of the eye, and the manipulation in the laboratory destroys or significantly modifies the structure of the sensory elements of the retina in the macular region [7] . With the advent of spectral domain optical coherence tomography (OCT), a detailed, layerby-layer, in vivo evaluation of the retina was obtained. Thus, a detailed correlation between metamorphopsia and OCT findings has been reported, partly confirming a previous hypothesis that changes at the photoreceptor level are the main cause of metamorphopsia. However, Watanabe et al. [13] reported that the inner nuclear layer (INL) was thicker in patients with epiretinal membranes (ERM) who reported broad metamorphopsia than in patients with ERM without metamorphopsia. Okamoto et al. [14] reported the relationship between metamorphopsia and foveal microstructure in patients with ERM. The severity of metamorphopsia was mainly influenced by the thickening of INL and ganglion cell layer, but not by the changes of the outer retina [14] . Although the exact mechanisms by which the thickening of the inner retina leads to metamorphopsia are not completely clear, these authors suggested that this phenomenon might be due to changes in horizontal, bipolar, amacrine, and especially Müller cell bodies, all located in the INL. Thus, the normal function of synaptic junctions is inhibited and photoreceptor (PR) sensitivity is decreased, causing metamorphopsia. In addition, the thickening of the ganglion cell layer and INL itself may induce a decrease in the quality of vision [14] . Activated and hypertrophic Müller cells (e.g. after partial detachment of the vitreous from the retina) have a major role in epiretinal membrane formation together with vitreous fibers adhering to Mü ller cells at sites of vitreoretinal attachment [15] . In this way, Mü ller cells contribute to the formation of gliotic scars and also to increased vascular leakage by releasing growth factors. Agte et al. [16] also reported on the influence of Müller cell shape and direction concerning the quality of light transduction, indirectly underlining the importance of Müller cells in the pathophysiology of metamorphopsia.
Wiecek et al. [1] suggested that metamorphopsia is not only caused by displacement of retinal layers resulting in mislocation of light on the retina, but also by the combination of retinal changes with cortical processing, mainly after long-standing maculopathy or after treatment of macular disorders (as neovascular AMD). As a consequence, metamorphopsia may also be influenced by information about the scene/stimulus, top-down information, and cortical reorganization.
The Detection of Metamorphopsia
Amsler recognized the inadequacy of standard perimetry in detecting metamorphopsia or central relative scotomas, and therefore the necessity of a new functional test in order to detect it. In 1947, he proposed his test to record metamorphopsia and relative scotoma, known as the Amsler grid [2] .
Amsler Grid
The Amsler grid consists of a black card or school-slate on which white vertical and horizontal parallel lines are drawn, subdivided every 5 mm, and forming a perfectly regular square of 10 cm. When the grid is presented at 28-30 cm, each small 5-mm square subtends an angle of 1°. The entire grid is thus 20° high and 20° wide, 10° on each side of the center. Therefore, the grid explores the central 10° of the retina, around the fixation point. The blind spot lies outside the grid approximately 5° outside the nasal limit. The grid is presented under illumination and after careful refractive correction of the eye. The patient must fix the central point of the grid and not let his eye wander. The patient should be encouraged to do so during the whole examination and should be helped in this by repeated comparison with the other eye. Thereafter, the following questions to the patient are fundamental in order to bring out the perception of metamorphopsia: 'Are the lines which cross in the grid straight and absolutely parallel from beginning to end, especially near the center?', and 'Are all the small squares regular and perfectly equal?'. The patient should localize and describe the sites of metamorphopsia. It is easier for the patient to describe its characteristics if they are localized near the fixation point. There can be various forms of metamorphopsia as detected by the Amsler grid: lines can be broken into small angular irregularities, or curved into smaller or greater ondulations. Forster [3] and Mackay [8] were the first to describe the so-called 'oriented metamorphopsia', which consists of central or paracentral ondulations of only vertical or horizontal lines [3, 8] . Micropsia consists of vertical and horizontal lines curved inwards toward the central point, whereas in macropsia the lines curve away from the center. Diffuse metamorphopsia is defined as a generalized deformation of the entire grid to such an extent that its margins are no longer parallel and the internal lines bend into large waves [7] .
Moreover, a correlation between different types of metamorphopsia and different maculopathies has been reported: small angular line defects with myopic maculopathy, ondulations with AMD, diffuse metamorphopsia with retinal detachment, and diffuse irregularity of the grid (as if was drawn by an unsteady hand) even after postsurgical retinal reattachment [7] .
Besides metamorphopsia, Amsler [7] proposed his grid for the evaluation of relative scotoma. He described relative (called translucid) scotoma as a translucid spot which does not completely hide the crossing lines of the grid, but covers them with a veil more or less homogeneously. It is usually central and circular, but can also be eccentric. The more distant these spots are from the center of the grid, the more difficulty the patient has in determining their shape. Metamorphopsia and relative scotomas can coexist. Amsler grid testing is used in clinical practice for detecting and monitoring functional impairment due to numerous chorioretinal diseases, such as inherited, vascular and degenerative maculopathies; toxic maculopathies; retinal detachment and macular holes, and optic neuropathies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The Amsler grid is also provided to patients for home monitoring [33] [34] [35] [36] [37] [38] [39] [40] . How-ever, home monitoring with the Amsler grid has several limitations such as the need for reasonable reading vision to discern the lines, no fixation control during the test, the noninteractive nature and impossibility to quantify metamorphopsia (difficulty in the monitoring at home during the follow-up), low sensitivity and poor performance when evaluating multiple lines that are peripherally presented (due to 'crowding effect'), and limited awareness of visual field defects until the scotoma size is large and involves the fovea (partially due to cortical completion -'filling-in phenomenon') [41, 42] .
A possible explanation for the Amsler grid's low sensitivity in detecting scotomas compared to scanning laser ophthalmoscopy perimetry (early microperimetry) may be due (besides the suprathreshold strategy and fixation instability) to a perceptual completion phenomenon which consists of a filling-in of the missing information when part of an image falls on a blind area of visual field [41, 43] . The mechanisms involved in the completion phenomenon have been studied in animals with electrophysiologic experiments which evaluated correspondence between the receptive fields in the cortical areas and retinal lesions [44, 45] . The size of the retinal lesion seems crucial for the extent of the cortical completion. In fact, scotomas that are equal to or less than 6° are poorly detected by the Amsler grid [17] . Moreover, Achard et al. [41] suggested an important role of perceptual completion in rapid change of visual search strategies in patients with central retinal lesions due to the constant change of size and location of scotoma. When the scotoma is located between the fixation point and the target, saccades might be inaccurate because of an altered perception of distances [41] . Therefore, Achard et al. [41] concluded that in AMD, the Amsler grid is useful for detection of metamorphopsia, but is less efficient for determination of the extent of scotoma.
Threshold Amsler Grid Testing
The Amsler grid is a suprathreshold stimulus and therefore it may not be sensitive enough in early detection of metamorphopsia, as it is analogous to mapping the visual island with a stimulus of high luminance [18, 32] . Therefore, some modifications of the standard Amsler grid have been proposed in order to test the central 10° surrounding fixation, slightly above the threshold [18, 32] . For example, Wall and colleagues [18, 32] proposed the use of cross-polarizing filters placed in front of the patient's eye in order to vary the luminance (a low-luminance condition) of the white Amsler grid on a black background. By rotating the cross-polarizing filters, patients can view the target with the grid barely perceptible. Normal subjects may fail to see the corners of the grid, but do not report other defects [32] . Therefore, Wall and Sadun [32] recommended the use of threshold Amsler grid for metamorphopsia detection in the central 10° of visual field.
Modified Amsler Charts
Some modified grid tests have been proposed even if limited in use. The Modified Amsler Chart was proposed by Shinoda et al. [46] in 2000 to test the macular area and detect lesions larger than 1 disc diameter by evaluating metamorphopsia in patients with epiretinal membrane. It consists of a grid of black lines on a white background with external dimensions of 12 × 12 cm (24° high and 24° wide with 12° on each side of the center) and was comprised of individual grid squares measuring 2 × 2 cm. Each small square subtends an angle of 4° and projects onto approximately 1.1 mm 2 of the fundus [46] . In patients with metamorphopsia, the length of the lines is increased both in the vertical as in the horizontal direction compared to straight line, thus indicating the severity [46] . This test requires significant patient understanding and collaboration, as they are asked to draw manually the lines.
Bouwens and Van Meurs [47] proposed a set of eight modified Amsler charts called Sine Amsler Charts (SACs) to evaluate metamorphopsia in patients with macular pucker. In SACs, the straight lines in the center of the standard Amsler chart were replaced by sinusoid lines with a constant frequency but increasing amplitudes, resulting in representation of different grades of metamorphopsia, assigned from 1 to 8 [47] . On the different SACs, the lines have the form of f(x) = b.sinx, with increasing steps of the amplitude b of 0.25 of the previous amplitude in each following chart. The authors reported that SACs are a highly reproducible method (as patients easily reestablish the stepwise sequence of the charts and could easily recognize the previous choice) and easily understandable by the patients, requiring only a few minutes for determination of metamorphopsia [47] . The major limits of SACs include, as in the standard Amsler grid, the necessity of having reasonable reading vision in order to discern the lines, and moreover the presence of ERM in both eyes and the amblyopia in the unaffected eye [47] .
Differential Perimetry
Differential perimetry was proposed by Jensen and Larsen [48] in 1998 to assess the amplitude of PR displacement. This technique is based on a theory that a local displacement of a group of PRs causes a shift in the visual field projection of the involved PRs. A healthy fellow eye and normal binocular vision are required, as in this way unilateral displacement of the PR will lead to loss of visual field correspondence with the cortically paired receptor element in the fellow eye [48] . As the brain continues to assign the original visual field projection to a stimulus reaching the displaced receptor, metamorphopsia, micropsia, and macropsia are all induced by the discrepancy between real and perceived visual field projection. Differential perimetry was performed with Goldmann kinetic perimetry (50 cm working distance), using red and green filter glasses, black binocular fixation targets, and red and green selective monocular stimuli (Goldmann III and IV) with fundus image superimposition of perimetry data [48] . The authors reported that macular holes are accompanied by metamorphopsia, micropsia, and central scotoma due to the presence of radial centrifugal PR displacement away from the center of the retina [48] . As stated by the authors, differential perimetry was shown to be a valid and objective test for accurate and detailed study of macular diseases characterized by mechanical attenuation or crowding of PRs, such as macular holes or puckers [48] .
M-CHARTS
Matsumoto et al. [49] proposed the M-CHARTS for quantification of severity of metamorphopsia. This method is based on the fact that if a straight line is replaced with a dotted line and the dot interval is changed from fine to coarse, the distortion of the line decreases with increasing dot interval until eventually the dotted line appears straight [49, 50] . M-CHARTS consist of 19 dotted lines with dot intervals ranging from 0.2° to 2° visual angles [50] . There are two types of M-CHARTS: type 1 with one dotted line and type 2 with two dotted lines on each chart, used for patients with central scotoma. The examination distance is set at 30 cm and fixation target is 0.3°. Firstly, a vertical straight line is presented to the patient. If it is recognized as straight, the score is 0. If the patient recognizes the straight line as irregular or curved, then the following charts with dotted lines where the interval changes from fine to course are shown one after another.
When the patient recognizes the dotted line as straight, its visual angle is considered and their metamorphopsia scores. Thereafter, M-CHARTS are rotated 90° and the same test is performed using horizontal lines. The authors reported that the simplicity of just answering if the line is distorted or not is one of the advantages of M-CHARTS [49] . Metamorphopsia contains different frequency components of distortion, such as high-frequency (usually observed in early stages of ERM and detected by fine dotted lines) and low-frequency components (observed in advanced stages of ERM, detected by all kinds of lines including coarse dotted lines) [49] .
Preferential Hyperacuity Perimeter
In order to address some of the shortcomings of the previous examinations (e.g. unrealiability due to unstable fixation, cortical image completion or filling in of scotoma, and 'visual crowding' effect) a new method, using hyperacuity function, was developed to evaluate the central visual field. Hyperacuity, also called 'Vernier acuity', is defined as the ability to perceive a minute difference in the relative spatial localization of two or more visual stimuli [51, 52] . The hyperacuity threshold may be as low as 3-6 s of arc. The hypothesis on which preferential hyperacuity perimeter (PHP) examination is based is that when a dotted line is presented to a healthy retina, the corresponding collinear line of PR field is stimulated, the information is processed by the visual cortex, and a straight dotted line is perceived [53] . In case of retinal elevation (drusen, pigment epithelial detachment, etc.), there is a geometric shift in the PR location with consequent stimulation of a misaligned PR field, and a straight dotted line may be perceived at a different location from the true location in space [53] . This perceived shift in object location may explain metamorphopsia and is recorded by PHP, as proposed by Loewenstein et al. [54] . In fact, these authors reported greater sensitivity and positive predictive value of PHP versus the Amsler grid in evaluating AMD-related lesions [54] .
Shape Discrimination Hyperacuity Test
Wang et al. [55] developed a shape discrimination hyperacuity (SDH) test with perfect and distorted circular contours called radial frequency (RF) patterns. It is based on the fact that humans have very high sensitivity to sinusoidal deformation from circularity [56] . The thresh-old for detecting radial deformation is a hyperacuity (<10 arcsec) and is not affected by contrast reduction (for contrast >10%) at low RFs and shows little change with normal aging [56] [57] [58] . SDH has been shown to be significantly reduced in patients with AMD, even though patients still had normal vision [55] . The radial deformation is introduced by sinusoidally modulating the radius. The main parameters describing an RF pattern include mean radius (the radius of the undeformed RF pattern), the number of modulation cycles per circumference (RF), amplitude of radial modulation (the amount of deformation), peak spatial frequency of RF patterns (determining the width of the contour), and stimulus contrast [55] . It has been suggested that global visual integration is required to achieve optimal performance [56, 59] . In this way, by measuring shape discrimination hyperacuity, a patient's ability to detect visual distortion and to integrate visual information can be quantified. The test is performed on a computer with specific standard characteristics.
Home Monitoring Tests
With an increasing need for reducing the ophthalmologists' burden in the management of patients with maculopathies, remote monitoring of disease and the use of telemedicine have become an increasing worldwide need. Thus, several home-monitoring tests and mobile handheld devices have been recently proposed.
Home-Monitoring Devices Based on PHP
The ForeseeHome home-testing device (Notal Vision Ltd., Tel Aviv, Israel) for home testing was approved by the Food and Drug Administration in 2009 [60] , and was developed to detect visual acuity disturbances associated with choroidal neovascularization (CNV) due to AMD prior to overt visual symptoms [60] . The ForeseeHome monitoring device tests the central area of visual field of 14° with approximately 500 data points sampled rapidly 3-5 times [60] . ForeseeHome is a stand-alone device designed for placement on a desk or tabletop. It is connected to a power outlet and phone line, and does not require a computer or Internet connection. Briefly, this technique stimulates a dot deviation signal flashed in a pseudorandom predetermined order. During the course of the exam, artificial distortion is presented to the patient (similar to that seen by patients with neovascular AMD). When a signal is presented to the retina over a CNV lesion, the pathological distortion and the artificial distortion compete for the patient's attention, and preferential looking will direct the patient to select the more extreme distortion. The patient should indicate the distortion along the dotted line with a computer mouse. Varying amplitudes of the artificial distortions serve as control stimuli to quantify the extent of eventual pathologic distortions correlated to retinal pathology. The intensity of the visual field defect is determined based on a grayscale map. Data obtained from patients are compared to a normative database, and the system determines whether there are visual responses which may be associated with progression of AMD to CNV [60] . The sensitivity and specificity of the ForeseeHome device in distinguishing between newly diagnosed CNV and intermediate AMD in an unsupervised manner (at home) was on average 85%, thus comparable to PHP used in a clinical setting [61] . Moreover, the sensitivity of the ForeseeHome device is not influenced by type, size, or location of the CNV lesion [61] .
Mobile Handheld Devices
Mobile handheld devices have been implemented for use by patients at home for remote monitoring of SDH using a handheld SDH test (myVisionTrack; Vital Art and Science Inc., Richardson, Tex., USA) implemented on a mobile platform (iOS; Apple Inc., Cupertino, Calif., USA) [62] . The test is performed on an iPod (Apple) [63] . The patient should keep the device at a distance of about an arm's length and indicate by touch input which of 3 circular shapes on the iPod was distorted [63] .
Health Management Tool
The Health Management Tool (HMT) is a portable, remote monitoring system using a mobile handheld device on which the HMT application is installed. Data input by patients are transferred in real time to the HMT database, which receives and monitors data and controls communications with patients and clinicians [64] . Clinicians can log in to the HMT database from an Internetbased dashboard to view results and compliance information [64] . HMT has a specific myVisionTrack (Vital Art and Science), an iOS-based (Apple) application installed to assess shape discrimination hyperacuity [62] . Kaiser et al. [64] validated in a small population the feasibility of the HMT system in elderly patients with neovascular AMD. They found that with appropriate training and guidance in the use of mobile handheld devices, there was a very high compliance (98.9%) with at least weekly monitoring and daily compliance exceeding 80% in visual function testing.
Metamorphopsia in Age-Related Macular Degeneration
Nowomiejska et al. [65] compared the results of M-CHARTS and the Amsler grid with OCT in the assessment of metamorphopsia in patients with neovascular AMD treated with bevacizumab. This study reported a higher rate of metamorphopsia detection with M-CHARTS (89%) versus the Amsler grid (69%) [65] . Moreover, a significant change was found only in the median decrease of the horizontal metamorphopsia score from 0.3° to 0.2° after bevacizumab treatment, and no correlation was found between the degree of metamorphopsia and visual acuity or central retinal thickness [65] .
In a recent systematic review and meta-analysis of studies examining the diagnostic value of the Amsler grid and PHP tests to rule out neovascular AMD in the screening setting, Faes et al. [66] reported the pooled sensitivity of 0.78 (95% CI: 0.64-0.87) and pooled specificity of 0.97 (95% CI: 0.91-0.99) of the studies assessing the Amsler grid. The corresponding positive and negative likelihood ratios were 23.1 (95% CI: 8.4-64.0) and 0.23 (95% CI: 0.14-0.39), respectively. The pooled sensitivity of studies assessing the PHP was 0.85 (95% CI: 0.80-0.89), and specificity was 0.87 (95% CI: 0.82-0.91). The corresponding positive and negative likelihood ratios were 6.7 (95% CI: 4.6-9.8) and 0.17 (95% CI: 0.13-0.23) [66] . Recently, the Home Monitoring of the Eye (HOME) Study, a phase 3 unmasked randomized trial, evaluated the role of home monitoring with the ForeseeHome device with telemonitoring plus standard care compared to standard care alone for eyes at risk of developing CNV due to AMD, and thus the possibility of an earlier diagnosis of CNV [60, 67] . Patients randomized to the device arm had significantly better visual acuity at the time of detection of incident CNV when compared with those randomized to standard care only [67] . The authors concluded that persons at high risk for CNV development benefit from the home-monitoring strategy, which may increase the likelihood of better visual acuity results after intravitreal anti-VEGF therapy [67] .
The studies that evaluated shape discrimination hyperacuity, specifically on handheld mobile devices, showed that these tests, which are easy to use in patients with AMD with comparable results to those performed on personal computers, are sensitive to the severity of maculopathy [63, 64] . In fact, in patients with advanced AMD, handheld shape discrimination hyperacuity was significantly reduced when compared with that of patients with high-risk early AMD [63] .
Metamorphopsia in Vitreoretinal Interface Disorders
Metamorphopsia is a common symptom in ERM, macular holes, retinal detachment, and even after successful retinal surgery [13, [46] [47] [48] [49] [68] [69] [70] [71] [72] [73] [74] [75] . Shinoda et al. [46] correlated the severity of metamorphopsia determined with modified Amsler charts with the subjective score in patients with ERM. Metamorphopsia was more severe in the horizontal than in the vertical direction [46] . Bouwens and Van Meurs [47] reported that SACs were a reproducible method for evaluating metamorphopsia in patients undergoing surgery for macular pucker, with a decrease in metamorphopsia alone in 82% of patients, and a decrease in metamorphopsia associated with an increase in visual acuity in 43% of patients. Matsumoto et al. [49] reported that in patients with ERM, the increase in metamorphopsia score (determined with M-CHARTS) depends on the severity of membrane proliferation classified by scanning laser opthalmoscope images. The authors discussed the importance of the frequency component of distortion in metamorphopsia when evaluating ERM [49] . In the early stages of ERM, a high-frequency component of metamorphopsia is usually observed and detected by fine dotted lines and not by coarse dotted lines. Instead, in advanced stages of ERM, the large amplitude and low-frequency components of metamorphopsia are increased; therefore, all kinds of lines can detect metamorphopsia. An increasing contraction of the neurosensory retina was correlated with increasing metamorphopsia score (M-CHARTS) over 3 years in patients with ERM [68] . Specifically, more severe vertical retinal contraction correlated with increasing severity of horizontal metamorphopsia, and more severe horizontal retinal contraction correlated with increasing severity of vertical metamorphopsia [68] ( fig. 1 ) . Moreover, in patients undergoing surgery for ERM, there was a different time course in improvement of vertical and horizontal metamorphopsia, as determined by M-CHARTS [69] . Whereas the mean horizontal metamorphopsia score continued to improve up to 12 months after surgery, the mean vertical score reached a plateau at 6 months after surgery [69] . The severity in preoperative metamorphopsia and central foveal thickness were significantly correlated to the degree of postoperative metamorphopsia. And disruption of the inner segment/outer segment junction of more than 200 microns was found to be a negative prognostic factor for metamorphopsia outcome (determined with PHP) after surgery for idiopathic ERM [70] . Moreover, Watanabe et al. [13] showed that metamorphopsia (determined with the Amsler chart) was detected in the same position as the edematous area of the INL with thickness >50 μm; therefore, mapping INL thickness with SD-OCT may be a useful and objective method for determining the position of metamorphopsia.
In idiopathic macular holes, metamorphopsia, micropsia, and central scotoma (extending outside the rim of the hole) have been reported [48, 71] . Arimura et al. [72] found a significant correlation between metamorphopsia score determined with M-CHARTS and fluid cuff size (shallow retinal detachment), but not with the diameter of the macular hole. No significant relationship was found between metamorphopsia scores and visual acuity [72] . Usually after surgery for a macular hole, a decrease in metamorphopsia was reported [73, 74] . Krøyer et al. [73] suggested that both tangential displacement of the PRs and the eversion of the PRs (due to inner margin eversion) are responsible for metamorphopsia. These phenomena may explain the persistence of metamorphopsia after successful surgical closure of the hole (elimination of eversion and thus closure of the hole, yet persistence of residual tangential displacement) [73] . Moreover, the shape of the fovea after surgical closure of the macular hole, specifically the elongation asymmetry of the foveal tissue, was correlated to the degree of metamorphopsia as determined by M-CHARTS [75] . This was probably due to the fact that asymmetric elongation of foveal tissue prevented recovery of displaced PRs by inducing asymmetric tangential traction [75] . Although the asymmetric elongation was mostly found in the INL and outer nuclear layer rather than in the PR layer, the traction of specific retinal layers may induce some PR displacement and thus metamorphopsia [75] . Another explanation could be that asymmetric elongation and stretching of the retinal layers prevented a proper signal transduction [75] . In fact, differential perimetry showed radial centrifugal PR displacement in patients with an idiopathic macular hole, away from the center of the retina [48] .
In patients with macula-off retinal detachment, metamorphopsia was more severe than in patients with mac- ula-on retinal detachment [76] . The incidence of metamorphopsia after surgery for retinal detachment was reported to be up to 67% [77] . The most frequent OCT findings in patients with metamorphopsia were presence of ERM, disruption of the inner segment/outer segment, cystoid macular edema, macular hole, or subretinal fluid, even though no OCT retinal changes could be detected after rhegmatogenous retinal detachment surgery in 32 out of 50 eyes with metamorphopsia [76] . Rossetti et al. [78] also reported that long-standing metamorphopsia could occur after successful macula-off rhegmatogenous retinal detachment repair even without detectable signs of PR disruption on OCT. The persisting metamorphopsia appeared to come from retinal vertical displacement by rhegmatogenous retinal detachment surgery [76] .
Metamorphopsia in Diabetic Retinopathy
It is well established that visual function can be decreased in diabetic patients even without any clinical sign of diabetic retinopathy [79] . Decreased foveal function may be evaluated with contrast sensitivity, threshold Amsler grid, and more recently with microperimetry [79] . The presence of metamorphopsia was evaluated by Wall et al. [25] using 4 different types of Amsler grids (low-intensity grids) in diabetic patients without and with background diabetic retinopathy. They found the standard white grid was the best for detecting metamorphopsia, whereas the yield of scotoma was the highest with the threshold Amsler grid [25] . Moreover, low-intensity Amsler grids improved the sensitivity of Amsler grid testing in diabetics without diabetic retinopathy [25] . Wolfe and Sadun [27] documented that the threshold Amsler grid was approximately 5-fold more sensitive than the standard Amsler grid in evaluating metamorphopsia and relative scotoma in diabetic patients with macular edema. The threshold Amsler grid test proved to have 100% sensitivity in the eyes in which metamorphopsia was found by conventional Amsler grid, thus demonstrating that relative scotomas were present in the same area as in the threshold Amsler grid [25] .
Metamorphopsia in Central Serous Chorioretinopathy
Blurring of vision, central scotoma, hypermetropization, and a variable level of metamorphopsia and micropsia are common complaints of patients with CSC [80] .
Sometimes visual disturbances persist despite resolution of subretinal foveal detachment. Bae and Chae [80] evaluated metamorphopsia by M-CHARTS and correlated the degree of metamorphopsia with OCT findings in patients with CSC. Fifteen (45.5%) out of 33 examined patients had metamorphopsia. No correlation was found between the extent of metamorphopsia and posterior clumping of the PR layer, high reflectivity of the PR layer, or large-scale neuroretinal detachment. Only focal retinal pigment epithelium detachment was more common in patients with metamorphopsia than in those without metamorphopsia. There were no correlations between metamorphopsia scores and visual acuity data, probably due to different durations of CSC, or to the limits of the M-CHARTS. Therefore, the authors concluded that M-CHARTS could be useful as an adjunct to OCT for evaluation of the clinical course of CSC.
Conclusions
Unfortunately, with the advancements in retinal imaging technology, increasing discrepancy is evident between detailed structural evaluation of specific retinal/ choroidal lesions and visual function, represented by simple visual acuity quantification. Clinicians mostly monitor treatment results of macular disorders with morphologic examination (mainly OCT), whereas the patient's perspective is to gain (or stabilize) vision, both quantitatively and qualitatively. Moreover, it seems important to correlate morphologic aspects of the retina/choroid to the real patient's complaints. Therefore, a detailed visual function evaluation, including different aspects of vision (not just mere visual acuity) as well as different qualitative aspects (metamorphopsia), may help to better understand macular disorders, the results of standard treatments, and the relevance of earlier treatment. The importance of the patient's perspective is very well illustrated by the recent technical appraisal by NICE (UK) for ocriplasmin reimbursement for vitreomacular traction in UK [81] . According to this regulatory authority, National Health System reimbursement of a new drug is allowed if the quality-adjusted life year value is under a certain preplanned cutoff value. In evaluating ocriplasmin for vitreomacular traction, the importance of patients' opinion is clearly documented by the following passage: 'The Committee considered the impact of VMT on the everyday life of patients. It heard from the patient expert about the problems associated with VMT, including difficulties with reading, cooking, watching television and driving (metamorphopsia is included) that prevented them from enjoying these activities. The Committee concluded that resolving VMT without the need for surgery would be beneficial to the wellbeing of patients with VMT.' And in patients with vitreomacular traction, metamorphopsia is one of the most disabling visual symptoms.
In conclusion, even with the current limitations in quantifying it, quantitative evaluation of metamorphopsia appears as an essential step in quantifying visual function in patients with macular disorders, and an essential step in evaluating treatment results (from the patient's point of view) with the available techniques.
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